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CHAPTER I
INTRODUCTION

Purpose of the Research
During the last decade a number of psychologists have
attempted to train young children to learn the concept of
conservation.

All such conservation training experiments

have utilized the following general format:

a) pretesting

of all Ss with standard Piaget-type tasks in order to
identify preoperational and transitional Ss; b)
administration of training to these Ss; c) posttesting to
determine the success of the training.
A survey of the literature reveals no attempt to
determine experimentally if the pretesting procedure has
an identifiable effect upon the results of subsequent
training.

The purpose of the present research is to

determine if a relationship exists between the traditional
Piaget tasks used to identify the preoperational and
transitional children and the effects of the training
procedures designed to increase conservation behavior.
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Piaget and the Concept of Conservation
The Definition of Conservation
One of the most frequently studied elements of the
theories of the Swiss developmental psychologist, Jean
Piaget, is the acquisition of conservation by young
children from five to eight years of age.

Flavell (1963,

p. 245) defines conservation as,
the cognition that certain properties (quantity, number,
length, etc.) remain invariant (are conserved) in the face
of certain transformations (displacing objects or object
parts in space, sectioning an object into pieces, changing
its shape, etc.)
A typical method of demonstrating conservation or
nonconservation in the young child is to present him with
two glasses of equal dimensions which contain the same
quantity of water.

The water from one of the glasses is

poured into a third glass which is taller and narrower
than the first two.

The child is then asked if the amount

of water which has been poured is still equal to that
remaining in the original glass.

If he replies that the

two amounts are still the same and is able to justify this
position with a satisfactory explanation, he is said to
conserve this property.

If the child says no (the poured

quantity is not equal to the original amount) or if he is

3

unable to satisfactorily explain a yes answer, he is
classified as a nonconserver.
The Development of Conservation
The stages of conservation.

Piaget (1952) has

delineated three stages through which a young child will
pass while acquiring the concept of conservation.

The

child at stage one (preoperational) will make incorrect
judgments about quantity or number following a
transformation.

Such erroneous judgments seem to be based

upon the perception of a change in one dimension of the
stimulus item without taking into consideration the
compensating change in another.
explain the presence of

~

Thus, the child may

water in the tall narrow

glass by pointing out that the water level is higher and
ignoring the compensating decrease in the diameter.

The

child at stage two will occasionally exhibit correct
judgments for some transformations but not for others: he
is inconsistent.

Here, the child may conserve when a

quantity of water is poured into two smaller glasses, but
may fail to conserve when the same amount is poured into
four smaller glasses.

In the final stage the child will

state unequivocally that the quantity has been conserved

4

in the case of all transformations for the stimulus item
in question.
The presence of the sequence of transition from
nonconservation to conservation has been verified
experimentally by a number of researchers.

Almy (1966,

p. 34) notes that,
on the whole, however, the bulk of the replication
studies in the literature supports the notion that the
child's ability to conserve quantity and number is arrived
at gradually, and that a period of nonconservation, or
perceptual domination, is followed by a transitional stage,
before conservation becomes pervasive.
Lovell and Ogilvie (1960) conducted an extensive
investigation in which, "almost every boy and girl in a
junior school in a North of England town was tested
individually," during their attempt to establish the
development of the concept of the conservation of substance.
Balls of plasticine about two inches in diameter were used.
Once the child agreed that the two amounts of plasticine
were the same, one ball was rolled out to make a "sausage."
The child was then questioned extensively concerning the
relative amounts of plasticine.

The youngest group (mean

age, 7 years, 8 months) contained 30 children who exhibited
conservation consistently, 27 who occasionally conserved,
and 26 who were classified as nonconservers.

The oldest

5

group (mean age, 10 years, 8 months) contained 64 conservers,
7 partial conservers, and 4 nonconservers.

The middle

groups were distributed between these extremes.

Lovell

and Ogilvie concluded that these results provide strong
support for the three stages indicated by Piaget.

They

also note, however, that, "the stages are not clear cut;
the borders between them are zones not lines."
The ages of conservation.

The ability of children

to conserve quantity and number seems to emerge between
the ages of five and eight years.

According to Flavell

(1963, p. 299) the conservation of matter seems to become
common between the ages of eight and ten.

This figure

corresponds nicely with the results of the study by Lovell
and Ogilvie (1960) cited above.
Smedslund {196la) cites a study {in preparation) by
Vinh-Bang which is a large scale standardization designed
to provide, "reliable and exact information on the
transition ages in the population of Geneva."

A large

battery of objective tests were administered to nearly
1500 children between the ages of 4 years and 12 years.
"The fifty percent level for the acquisition of conservation
of substance is at

7~

years."
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Other validation studies have substantiated this
approximate age range.

Elkind (1961) reported a study

intended to investigate the ages at which children
discover the conservation of mass, weight, and volume.
He tested 175 children ranging from 5 years to 11 years
of age.

Each.child was presented with two balls of clay

and asked if they contained the same amount.

The S was

allowed to "make them the same" if he thought they were
different.

When the S agreed to their equality he was

asked to predict whether or not the amounts would still
be the same if one ball were rolled into a hot dog.

After

the child responded to this question, the ball was actually
rolled out.

The child was then asked if the two contained

the same amounts.
response.

Then the E asked the S to explain his

Elkind found no significant differences between

these three types of response as measures of conservation.
His results indicated that conservation of mass does not
usually appear until the ages of seven or eight.

Seventy

percent of those age seven and 72 percent of those age
eight were found to be conservers of substance.

Only 51

percent of those age six and 19 percent of those

~ge

were able to conserve this property.

five
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Conservation and Experience
A number of psychologists have attempted to accelerate
the acquisition of conservation.

They have devised a

variety of training procedures to teach the young child
the concept of invariance.

The criteria of success have

been, generally, the child's performance, following
training, on one or more of the traditional Piaget tasks.
Piaget {1964) has listed a set of criteria for cognitive
reorganization of the type which occurs during the
transition from nonconservation to conservation in the
young child:

a) stability over time; b) the degree of

transfer across tasks; c) the acquisition of new, or more
complex cognitive structures.

The following studies will

provide some indication of the successes, the failures,
and the problems which researchers in this field have
encountered.
Smedslund {196lb) reported a study u_sing procedures
designed to increase conservation of substance and weight
in young children.

The study was designed specifically to

test Piaget's equilibrium theory.

If the concepts of

conservation could be established in children without the
use of external reinforcement it would provide strong
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support for Piaget.

Children between the ages of 5 years,

6 months and 6 years, 6 months were given pretests to
evaluate their ability to conserve substance, weight,
and transitivity of weight.

Thirteen children who gave

no correct responses were given training with pairs of
plasticine objects (36 pairs in all) which were initially
identical in color, form, and volume.

One item in each

pair was then subjected to two transformations.

Prior to,

or immediately following the first transformation a
relatively small amount of plasticine was added to, or
removed from, one of the stimulus items.
was asked the standard question:

Then, the child

"Do you think there is

more, or the same amount, or less plasticine in this one
than in that one?"

Then the reverse transformation of

either the addition/subtraction or the deformation was
performed and followed by the standard question.

Smedslund

found that five of the Ss, "consistently, and nearly from
the beginning, adhered to the addition/subtraction schema
and ignored the deformations."

The other eight Ss responded,

apparently, to the perceptual schema of change of weight
over deformation.
of conservation to,

Four of the five changed from no traces
11

several correct answers with SL-
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explanations (symbolic-logical) in the posttests."

None

of the eight showed any change from the pretest to
posttest.

Smedslund (196lb, p. 159) concluded from these

results that,
The belief in conservation of substance did not seem to
be acquired by observations of an empirical law, or by
reinforcement from the experimenter, but as a solution of
a conflict between the incompatible schemata of addition/
subtraction and deformation, or some other kind of conflict.
Sigel, Roeper, and Hooper (1966) conducted two studies
designed to teach very young children to conserve.

The

first study involved ten children from 4 years, 9 months
to 5 years of age.

Five children were placed in the

experimental group and five in the control group.

One

S in the training group and two Ss in the control group
were lost prior to the posttesting situation.

All Ss

were given standard conservation pretests for substance,
weight, volume, and liquid.

Posttests were given two

weeks after training.
The teacher, in a private, small group situation,
introduced an object (e.g., a banana) for discussion.
encouraged labeling of this object.

Then she introduced

another object (e.g., an orange) and followed the same
procedures.

She

Next, two similar objects were introduced
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(e.g., an orange and a tangerine) and differences between
the two were discussed: then similarities were explored.
After this, the banana was reintroduced and similarities
were again discussed, then differences.

Reversibility was

finally introduced through the use of pennies which were
divided and recombined in various ways.

Sessions (an

unspecified number) lasted 20 to 30 minutes.

The control

group participated in discussion of social studies problems.
The authors felt that the Ss were unaware of the
relationship between the training and testing situations.
Pretesting showed one _e, in the training group and
one S in the control group that had some grasp of the
concept of conservation.

Posttesting revealed that all Ss

in the training group improved their ability to conserve.
One S (the one with some pretest ability) in the control
group showed improvement.
The replication study by Sigel et al.

(1966)

substantiated the results of their previous study.

Ten

children were selected who demonstrated no conservation
ability on the pretests.

The average age of the training

group was 4 years, 3 months.

The average age of the

control group was 4 years, 5 months.

Results of the
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posttest showed that four of the five Ss in the training
group were able to demonstrate conservation of one or
more properties.

The authors noted that the children

seemed to exhibit the sequence of development described
by Piaget.

There was also an increase in the ability of

the Ss to "verbalize their explanations in an articulate
way, employing statements of reversibility, for example
as explanations."

They concluded that the results of

these two studies, "provide support for the basic hypothesis
that training programs focusing on prerequisites for
relevant cognitive operations influence the resultant
cognitive structures."
Wohlwill and Lowe (1962) report a "small-scale
learning experiment" which would determine the effectiveness
of various procedures in developing conservation of number.
The experiment was conducted over a two day period.

The

pretest and posttest included verbal and non-verbal items.
The verbal pretest situation presented the S with two
rows of seven chips each, one red and one blue.
were parallel and of equal length.

The rows

The test question,

"Who has more chips, you or I?" was asked after each
transformation, of which there were four:

a) red row

12
extended in both directions to a length twice that of the
blue: b) red row subdivided into two rows of four and
three chips parallel to the blue: c) red placed in
vertical pile in front of blue: d) red chips inserted into
opaque tube.

If the S did not assert equality of the two

rows on a particular trial, the remaining transformations
were omitted.

Last, the initial situation and

transformation were repeated with 12 chips in each row.
The non-verbal conservation test consisted of
phase" trials.

11

three two-

"Ss were presented with a row of colored

stars, either six, seven, or eight in number, mounted on a
set of corks which rested on a series of scissors-like
slats."

The apparatus allowed the E to lengthen or

shorten the row.

The §·was told to count the stars and

then pick the window which had the same number on it: when
correct, he found a chip behind the number card in the
window.

The chip was returned to the E and replaced

behind the card.

The line of stars was then lengthened

or shortened and the S was asked to pick the correct
window without counting.
There were four training conditions:
Practice.

a) Reinforced

This was basically the same procedure as the

13

non-verbal conservation pretest.

The

s was told that

if he won lots of chips he could exchange them for a toy
the next day.

b) Addition and Subtraction.

This was

similar to the nonverbal pretest except that on two-thirds
of the trials the E added or subtracted one cork from the
line before lengthening or shortening the row.
Dissociation.

c)

These were single-phase trials with the

length of the row varying over a range of four times the
smallest length.

d} Control.

These were single-phase

trials, but the length of the row was fixed throughtout
the series at a minimum.
Ss were 72 kindergarten children with a mean age of
5 years, 10 months.
or control condition.

There were 18 Ss in each training
Improvement on the non-verbal

posttest as indicated by the mean over-all difference
scores (including the control group) were significantly
different from zero, but means of the four training groups
were not significantly different from each other.

None

Ss on the verbal pretest showed conservation of number.
Twelve ss on the verbal posttest showed such conservation.
Two Ss from the control group, two from the addition and
subtraction group, and one from the reinforced practice
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group showed increases.

Two Ss in the dissociation

group who had shown pretest conservation failed to show
it on the posttest.

The authors (Wohlwill and Lowe, 1962,

p. 163) noted that,
Perhaps the major finding of the study is that none of the
above procedures proved in any way effective in leading to
an understanding of the principle of number conservation,
such as the verbal posttest demanded.
Wallach, Wall, and Anderson (1967) reported an
experiment in which they tested the comparative
effectiveness of reversibility training and addition and
subtraction training for inducing number conservation.
They also tested the effect of reversibility training on
the development of conservation of liquid.

Fifty-six

children whose ages ranged from 6 years, 1 month to 7
years, 8 months (mean age of 6 years, 11 months) were
pretested.

The number pretest presented to the Ss six

dolls and six beds on a table.

The beds were lined up

and the dolls were in a pile.

The S was told to put one

doll in each bed.

The S was then questioned concerning

the equality of dolls and beds before any transformations.
When equality had been established, the dolls were removed
from the beds and lined up in such a fashion that one bed
on the end had no doll in front of it.

The s was asked,

15

"Now are there the same number of dolls as beds. 11

If

the response was yes, the S was asked to explain: if he
said no, he was asked to indicate which had more.

For

the liquid pretest, the S was presented with identical,
narrow glasses filled to the brim and the equality of the
two amounts was established.

Then, the water in one of

the narrow glasses was poured into a low, wide glass.
S was asked,

11

The

Now is there the same amount to drink in

this glass and in this glass?"

If the S indicated that

the two amounts were still the same, he was asked to
explain: if he said there were different amounts, he was
asked to indicate which had more.

Three Ss were dropped

because they did not accept the condition of initial
equality during a pretest.

One .§_ was dropped because he

failed to follow instructions.

Nineteen Ss conserved on

both pretests and were dropped from the study.

The 16 Ss

who conserved neither item were divided into two equal
groups: one group was given direct training on reversibility
and one group was given direct training on addition and
subtraction.

Twelve Ss conserved liquid but failed to

conserve number.

These Ss were divided into two equal

groups and given the same two types of training as the two
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groups of nonconservers.

Five Ss who conserved number

but failed to conserve liquid were given reversibility
training with liquid.
Ss receiving number reversibility training were
presented with the six dolls and six beds.

The E removed

the dolls from the beds and placed them closer together.
Then the E asked,
every bed now?

11

Do you think a doll can be put back in

Or will there be a bed without a doll?

a doll without a bed?"
doll back into a bed.

Or

The S was instructed to place each
The E removed the dolls again,

spread them further apart than the beds, and repeated the
questions.

This training continued until the S gave four

correct responses in a row.

The addition/subtraction

procedure used the same materials.

A screen was placed in

front of the dolls in the beds and the E

removed a doll

and placed it in full view of the child, or he added
(with the S's knowledge) a doll to the end of the row of
beds.

The S was then asked if there were still one doll

in each of the beds.

Trials continued until

the~

gave

four correct responses in succession.
The twelve Ss in the reversibility training groups
all gave conservation responses on the immediate posttest
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following training.

Only two

~s

in the addition/

subtraction training group gave conservation responses
to the number problems.

Chi square for the difference

is significant beyond the .001 level.

Ss from these

training groups who had failed the liquid pretest were
given a conservation of liquid transfer test.
eight

~s

liquid.

Of the

given this test, only one showed conservation of
Sixteen Ss were available for the liquid

reversibility training.

Training consisted of a pouring

transformation and the E asking the S to predict whether
or not the two original glasses would be filled to the
same level when the water is poured back.

This was an

easy task and only two Ss made mistakes on the first
trial.

Trials were repeated to a criterion of three

correct responses in a row.

Only four

~s,

however, gave

clear conservation responses on the liquid posttest.
On the basis of these results, the authors concluded
that reversibility training alone is capable of inducing
conservation of number responses, while addition/
subtraction training alone was not sufficient.

They also

concluded that these procedures, even when they induced
number conservation, did not effectively transfer to a
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different quantity such as water.

They also noted the

relative ineffectiveness of the reversibility training
procedure with liquid.
Gruen (1965, p. 965) designed an experiment,
to compare directly the relative effectiveness of training
procedures derived from Smedslund's (196ld, 196le)
cognitive-conflict hypothesis and a conventional learningthrough-reinforced-practice hypothesis •
..§.s for this study were 90 children whose ages ranged from
4 years, 6 months to 6 years, 4 months with a mean age of
5 years, 1 month.

These Ss were nonconservers of number.

The number pre- posttest was basically the same as the
procedures used by Wohlwill and Lowe (1962) except that
the fourth item (insertion into opaque tube) was
eliminated.

The other items were administered twice,

making a total of six trials.

The length pretest presented

the S with two 12 inch yellow sticks held upright on the
table.

After the S had noted their equality of length,

the E placed them down upon Muller-Lyer figures.

For

half the Ss, first the stick on the E's right looked
longer, then the one on the left, then the one on the
right again.
was reversed.

For the other half of the ..§_s, the sequence
All Ss were questioned about their responses.

The pre- posttest items for substance presented the S with
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two balls of clay, equal in weight and volume.

After

the S had agreed to their equality, one of the balls was
transformed into the shape of a sausage, a ring, or a
cross.

The S was then questioned in the usual manner.

One half of the Ss were given verbal pretraining
prior to conservation training.

This procedure attempted

to insure that the Ss interpreted the words "more" and
11

same

11

to mean more or same in number and not in length.

For six trials each S was presented with two rows of
parallel blocks which contained an unequal number and
were unequal in length, the shorter row containing more
blocks.

The other three trials had rows of blocks which

were equal in number and length.

The E directed the S to

count aloud the number of blocks in each row and then
questioned him about the equality of both rows.

If the S

responded incorrectly, he was directed to count again and
the E pointed out the relevance of number.

Then the S was

questioned about the length of the rows.
Two experimental groups received direct conservation
training which was reinforced with feedback in the form
of knowledge of the results.

The S was also told that if

he did well he would receive a prize later.

A modification
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of the Wohlwill and Lowe (1962) apparatus was used which
allowed for two rows of corks to be lengthened or
shortened.

Half the time the rows contained an equal

number of corks.

Prior to any defonnation, the S counted

the number of corks in each row.

After each defonnation,

the S was questioned concerning the equality of the rows.
The E did not confinn the S's responses.

The

s was then

directed to count the number of corks in each row again,
and the E conf inned a correct count or corrected an
incorrect count.

Conflict training for the other two

experimental groups was the same as the direct-training
procedure except that, following the transfonnations, a
cork was subtracted from the row which the S believed
contained more.

To insure conflict, the E continued to

subtract corks until the S changed his answer to the
question of which row contained more corks.

In this

condition the length of the rows and the number of corks
in each row were identical at the beginning of each trial.
The two control groups played a neutral number matching
game on the training apparatus.
On the number posttest the scores could range from
zero to six.

A Kruskal-Wallis one-way analysis of
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variance revealed a significant difference among the
six groups in the total number of conservation responses
by groups.

Using the Mann-Whitney U test, it was found

that the significant difference was between the Conflictplus-verbal-pretraining group and the control group with
no verbal pretraining.
significant.

No other differences were

Combining the groups for analysis revealed

that, overall, the groups receiving conflict training made
significantly more conservation responses than the combined
control groups.

Length and substance posttests revealed

no significant overall improvement from pretest to
posttest.

For those who learned to conserve number,

however, the proportion of those who increased conservation
of length and substance responses was significantly
different from the proportion of non-learners of number
conservation who increased their length and substance
responses.

However, over half of the Ss who received

number conservation training of either type failed to give
even one conservation response during the posttest for
number.

The author (Gruen, 1965, p. 977) concluded,

that neither confronting the child repeatedly with the
invariance of numerical values in the face of irrelevant
perceptual changes or devising situations to induce
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internal cognitive conflict is particularly effective
in inducing number conservation.
Bruner (1966) briefly reports a study by Frank
which was designed to induce conservation of liquid in
four, five, six, and seven year old children.

Forty

~s

were given the standard liquid conservation pretest.
Part I of the training session was conducted as follows.
The standard glass was half filled with colored water and
shown to the S at the same time as an empth comparison
glass which was taller and narrower, the same height but
wider, or taller and wider.

The two glasses were then

placed behind a screen so that only the tops showed.

The

water was then poured from the standard glass to the
comparison glass and the

~

was asked if there was still

the same amount of water: the reasons for his answers were
solicited.

The screen was never removed and the S never

saw the actual waterlevel in the comparison glass.
In Part II, the glasses were presented in the same pairs
as before.

No screen was used.

Ss were asked by the E

to predict whether or not there would still be the same
amount of water if it were poured into the comparison
glass.

The~

was also asked by the E to indicate where

the water level would be if it were poured.

His reasons
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were asked again.

The water was not poured: the

saw the actual water level in the second glass.

~

never

In Part

III, the same pairs were presented before the screen.

The

child was asked to draw a line on the screen which would
represent the level of the water in the standard glass:
then the glasses were placed behind the screen.

The water

was then poured into the comparison glass and the child
was asked if the amount were still the same.

He was also

asked to draw a second line which would predict the level
of the water in the second glass.
removed.

Then the screen was

The S was now asked to judge whether or not

there was still the same amount of water as there was
before pouring, and his reasons were again asked.

Then

the standard posttest was given.
The results of this simple, brief (although no
specifics were given, it appeared that there were only
12 trials per child) training procedures are striking.
For the four year old §.s there is no pretest or posttest
conservation.

Twenty percent of the five year old Ss

conserved on the pretest, but 70 percent conserved on the
posttest.

Fifty percent of the six and seven year old

Ss conserved on the pretest and 90 percent of the Ss in
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these age groups conserved on the posttest.

Analysis of

the training responses revealed that during the screening
procedures the Ss all tended to make conservation type
responses (even 50 percent of the four year old Ss.)
Removal of the screen during Part III, however, found the
four year old Ss reverting to nonconservation responses,
apparently succumbing to the perceptual change of the
water level.

The other three groups, however, continued

to make conservation type responses.

Bruner (1966, p.198)

concluded,
the screening procedure has helped the older child to
separate perceptual evidence from judgments about the
amount of water. This is the big step forward--the
newly achieved capacity to make judgment on something
other than an immediate accessible ground such as water
level.
Gelman (1967) reviewed the area of conservation
development and concluded that the problem was one of,
"learning to discriminate the relevant dimension from the
irrelevant ones."

She hypothesized that the child learns

a general rule such as, "the only thing that matters here
is whether the amounts change or not."

If this was the

case, "then, given extensive training designed to 'teach'
this, the child should transfer the rule to conservation
tests not represented in training."
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Sixty children, five years old,. who were unable to
conserve mass, liquid, length, and number on the pretest
were assigned to one of three training conditions.

In

the Learning Set condition, Ss were given 32 six-trial
problems.

Sixteen of these problems were designed to

teach the child to attend to length and to ignore all
other misleading cues.

The other sixteen problems were

designed to teach the child to attend to number and to
ignore all other cues.

A single set of stimulus items

was used for a six-trial problem.

The child was presented

with three items, two of equal length (or number), and one
of a different length (or number).

The child's task was

to choose two items that were the same length (or number)
.Q!:. two items that were different lengths (or numbers.)

When the S made a choice he was told whether he was right
or wrong; and, if correct, he was given a trinket.

Gelman

(1967, p. 40) reported that,
to solve all problems, the child would have to learn to
separate out the different cue functions of length. To
do so, he was expected to adopt a "search strategy" of
looking for the relevant cue at the start of each problem.
In the Perceptual Change condition, the Ss were given
the same training problems as in the Learning Set
condition but were given no feedback.

In the Oddity
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condition, Ss were given a discrimination task, with
feedback, which required them to choose
11

different

11

11

same

11

or

objects (such as sets of spoons, toy tigers,

lions) not requiring judgments of length or number.
Posttests were given following the second day of
training (after 196 individual training trials, 98 per
day.)

Length and number items were considered to measure

specific transfer; mass and liquid items were considered
to measure nonspecific or generalized transfer.

On the

posttest for length, 95 percent of the initial responses
made by the Learning Set group were correct; 27 percent
were correct for the Perceptual Change group, and 7.5
percent were correct for the Oddity group.

On the posttest

for number, 96 percent, 21 percent, and 1 percent correct
initial responses were obtained from the Learning Set
group, Perceptual Change, and Oddity groups respectively.
Explanations of correct initial responses by Ss in the
Learning Set group were judged

acc~ptable

approximately

97 percent of the time on the number posttest and 78
percent of the time on the length test.

Thus, there was

almost complete success in the training of conservation
of number and length.
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On the posttest for nonspecific transfer the results
were also quite good.

For liquid conservation, the

Learning Set group had 55 percent correct responses, the
Perceptual Change group had 4 percent correct responses,
and the Oddity group had 1 percent correct initial responses.
The proportion of correct explanations (given a correct
initial response was approximately .91 for the Learning
Set group.

For the conservation of mass posttest, the

Learning Set group gave 58 percent correct initial responses,
the Perceptual Change group gave 9 percent, and the Oddity
group zero percent.

The Learning Set group gave 78

percent correct explanations (given a correct initial
response.)
Here, then, is a method which exhibited an exceptional
degree of success for training young children to conserve.
Not only did they learn to recognize invariance of quantity
and number, but they also appeared to gain insight into the
problems.

This conclusion would seem to follow from their

large increase in ability to explain an initial response.
The Pretest
The pretest plays a vital role in the procedures
of the researcher attempting to train young children to
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conserve.

It allows him to identify the developmental

level of his Ss prior to the initiation of the training
procedure.

Without such knowledge, the E would be unable

to evaluate the Ss' performance on the posttest.

It is

possible, however, that the administration of the pretest
affects the outcome of the posttest.
considered this problem.

Most Es have not

Usually, the pretest is given

one or more days prior to the training session and the E
apparently assumes there will be no effect.
Zimiles (1963) has considered (but not experimentally
tested) this methodological difficulty.

He noted that,

for the preoperational child, a concept of quantity exists
prior to the concept of conservation.

The concept of

quantity for the five year old child is based on perceptual
cues such as length, density, height, weight, etc.,.
is, the child has many concepts of quantity.

That

Zimiles (1963,

p. 693) hypothesized that,
It is therefore most probable that these children will
respond to the word "more" in terms of whateirer dimension
is suggested by the E. Since children do not possess a
fixed, specific concept of quantity, they will interpret
E's manipulation of specific perceptual dimensions as an
indication of the particular concept of quantity required
by the task.
Thus, the child, presented with two identical glasses
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of water which he is asked to agree contain the same
amount of liquid, bases his judgment of equality on the
respective equality of water levels.

When the E transfonus

one glass of water by pouring it into a tall narrow glass,
the water level (which was the original basis for equality)
rises.

When the child is asked if there is "more" water

in one of the glasses, he responds on the basis of the
increased level.

Since there is no feedback, there is no

reason for him to change his judgment, or the basis for
his judgment.
Since training experiments include a pretest situation
where the E manipulates (transfonus) the stimulus items
along a single salient dimension, it is possible that a
response set is established which, in the absence of
feedback, the child has no reason to change.

It is also

possible that such a response set may interact with the
training procedures in such a manner as to affect the
results of the posttest.
Hypotheses
Primary HyPothesis
A survey of the literature revealed no attempt to
experimentally detenuine if the pretesting procedure used
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in conservation training studies has an identifiable
effect on the posttest results.

The present research

was designed to investigate the effect of the pretest.
The E hypothesized that there would be a significant
interaction between the experimental treatment conditions
(pretest vs. no pretest) and performance on the posttest
tasks.

Thus, children who were not pretested were expected

to give more conservation responses on the posttest, for
measures of specific transfer, than children who were
given a pretest.

Children who were given the pretest were

expected to give more conservation responses for measures
of generalized transfer than children who had no pretest.

Supplementary Hypotheses
The pretest and posttest conservation tasks and the
training procedures used in this study were adapted from
those developed by Gelman (1967) .

It was expected that

the results of the training procedures, as demonstrated by
the gs performance on the posttest would generally
parallel those reported by Gelman.

The effect of training.

It was hypothesized that all

Ss would benefit from participation in the training, but
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not all in exactly the same way.

All Ss were expected to

show some improvement on the posttest measures of
conservation, reflecting the general effectiveness of
Gelman's (1967) method.

Analysis of the Ss performance

during training should also reveal a performance curve
comparable to that reported by Gelman.

Differences among conservation tasks.

Results of the

pretest were expected to indicate any hierarchy of
difficulty which existed among the conservation tasks
prior to training.

All Ss were expected to perform better

on measures of specific transfer than on measures of
generalized transfer.

Effects of age.

All Ss were expected to be partial

conservers or nonconservers.

The pretest was expected to

reveal some difference between older and younger

~s.

The

posttest was not expected to reveal a significant difference
between these groups; this expectation follows from the
fact that Gelman reported no age differences during the
posttest.

Equivalence of response measures.
measures were used:

Two response

a) correct initial response, and,
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b) adequate explanation of a correct response.

Any

differences between these two measures were expected to
be in line with the differences reported by Gelman.

CHAPTER II
METHOD

Design
General Schematic of the Research
Twenty Ss, approximately five years of age, were
divided into two groups.

One group was given a pretest

based on four Piaget conservation tasks, then given
training with 16 of the 32 problems developed by Gelman
(1967), then posttested with the same conservation tasks.
The second group received only the training problems and
the posttest.

This design is summarized in Table 1.
Table l

General Schematic of the Research
Posttest Tasks
Treatment Group
Length
Pretest plus training
No pretest-training only

Number

Liquid

Mass
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Pretest and posttest tasks included number, length,
mass, and liquid problems presented in a random order.
Randomly selected training problems were designed to teach
the concept of invariance of number and length.

Results

of the posttest on length and number were considered to be
a measure of specific transfer.

Results of the posttest

on liquid and mass problems were considered to be a
measure of generalized transfer.

Subjects
Ss for this study were 22 kindergarten children, 9
boys and 11 girls, ranging in age from 4 years, 8 months
to 6 years, 1 month, with a mean age of 5 years, 6 months.
These Ss were selected from the available population of
kindergarten children.

Two Ss were lost because they were

unwilling to complete the experimental sequence.

Several

potential Ss were unwilling to participate at all.

Ss

were randomly assigned to the pretest or no pretest
condition.

The order in which Ss were tested was determined

on the basis of availability.

Procedure
Each S was tested individually.

The S was seated
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across the table from the E.

The materials for the

conservation tests and the training problems were
partially concealed from the

s.

Pretest and Posttest
The pretest and posttest were identical.

Each test

contained sixteen individual transformations, four for
each type of quantity.

The sequence of the four quantities,

and the sequence of the transformations were randomly
determined.
Conservation tasks.

To test for conservation of mass

each child was presented with three different colored
balls of clay and asked to choose the two which had the
same amount of clay in them.

The third {smaller than the

other two) ball was then removed from the table.

One ball

of clay was deformed and the child was asked if there was
still the same amount of clay in each of the two.
response of same or different was then recorded.
child was next asked to explain his answer.

His
The

The E then

recorded his own judgment of whether or not the S's
explanation was adequate.
presented to the S:

Four transformations were

a) the ball was rolled into the
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shape of a sausage, b) the ball was made into the shape
of a cross, c) the ball was shaped into a square, d) the
ball was broken in half and rolled into two balls.
To test for conservation of liquid quantities, two
identical drinking glasses containing colored water were
presented to the child.

If the child did not agree that

the glasses contained the same amounts of water, an
eyedropper was used to transfer small quantities from one
glass to the other until he did agree with the E.

Water

from one of the glasses was then transformed by pouring it
into a different shaped container: a) a short wide glass,
b) a tall conical glass, c) a tall narrow glass, d) two
identical small glasses.

Following each of the

transformations, the child was asked if the amounts of
water were still the same or different.
explain his response.

He was asked to

The initial response and the

adequacy of his explanation were recorded.
To test for conservation of number the child was
presented with two rows of parallel blocks with five
blocks in each row.

The blocks in each row were matched

on a one to one basis.

The child was told that one of the

rows was his and the other was the E's.

The child was
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told to count the number of blocks in his row.

He was

then asked if the E had the same number of blocks.

After

the S had acknowledged that each row had the same number,
one of the rows was transformed and the child was
questioned concerning the numerical equality of the two
groups of blocks.

There were four transformations:

a)

one row was shortened, b) one row was lengthened, c) one
row was made into a circle, d) one row was divided into
a group of three blocks and a group of two blocks.

The

initial responses and explanations were recorded.
To test for conservation of length the child was
presented with two sticks of equal length and one stick
which was shorter.

The E asked the child to choose the

two sticks which were of equal length.

When the two

equal length sticks had been selected the shorter stick
was removed from the table.

The two remaining sticks were

placed parallel with ends matching.

Then one of the sticks

was subjected to four transformations:

a) one stick was

placed perpendicular to the second, b) one stick was moved
to the E's right, c) Muller-Lyer V's pointing inward were
placed under the stick, d) Muller-Lyer V's pointing
outward were placed under the stick.

Following a
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transformation the child was questioned appropriately
about the length of the two sticks and the initial
response and explanation were recorded.
After each of the transformation and questioning
sequences, the stimulus item was returned to its original
configuration and the child was questioned concerning the
equality of the quantities.
Response measures.

Following each transformation the

child was asked to indicate whether the two stimulus items
contained the same or different quantities.

A response

which indicated that the child felt that they contained the
same quantity was recorded as a score of one for that item.
A response indicating that the child felt they contained
different quantities was recorded as a score of zero for
that item.

An S's conservation score based on the initial

response could vary between zero and four for one type of
quantity, and between zero and 16 for one pretest or
posttest.
If the child had initially indicated that the two
quantities contained the same amounts, he was asked to
explain his response.

At this time the E judged whether

or not the explanation was satisfactory.

The criteria
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for an acceptable explanation are listed in Appendix E,
and were taken directly from Gelman (1967, p. 52).
Adequate explanations received a score of one for that
item.

An inadequate or ambiguous explanation received a

score of zero.

Ss whose initial response was scored zero

also received an explanation score of zero.

An S's

conservation score based on his explanations could vary
between zero and four for one type of quantity or between
zero and 16 for one test.
Training
Problems.

All Ss received training designed to

teach the child to attend appropriately to the invariance
of length and number.

Sixteen of the 32 Gelman problems

were administered to each child.

An equal number of length

and number problems were included in each child's sequence.
The selection and sequence of the 16 problems were randomly
determined.
The structure of the training problems was such that
the child should learn to attend to the invariance of the
appropriate quantity following a transformation.

Each

length problem presented the S with two sticks of equal
length and a third which was either shorter or longer than
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the other two.

The child's task was to choose two sticks

which were the same length or two sticks which were
different lengths.

Each problem was composed of six

trials during which the same sticks were used.

The sticks

were positioned differently during each trial (the

~

could observe the succession of transformations from
trial to trial) within a problem.

The child was reinforced

with verbal feedback which informed him as to whether or
not his response was correct.

He was also given a large

colored wooden bead to place in a basket as a visual
record of his successes.
Each problem differed from the others in a number of
ways:

a) starting position (horizontal, vertical, mixed,

geometrical,) b) color (red, blue, yellow, green,) c)
length (6 inches and 10 inches or

5~

inches and 7 inches)

d) shape and size (small, large, round, square,) e)
combination (2 short and 1 long or 2 long and 1 short.)
These between problem variations were intended to teach
the child that such attributes are irrlevant when one is
concerned with length.
The training problems which dealt with number were
similarly constructed and ad.ministered.

Each problem
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presented to the S two groups of

11

chips 11 of equal number

and a third group which contained more or less chips than
the other two.

The S was required to choose two groups

which contained either the same number of chips or two
groups with a different number.

Each problem was

composed of six trials which utilized the same chips; the
groups were merely positioned differently on each trial.
Again, the child was able to observe the succession of
transformations.

Reinforcement in the form of feedback

and the bead markers was used.

For a complete description

of the between and within problem variations, see Appendix
B and Appendix:

c.

Response measures.

Each S was given a total of 96

individual trials, 48 within the number problems and 48
within the length problems.

A correct response was scored

as one, an incorrect response as zero.
performance varied from zero to 96.

Thus, a total

Performance on length

ornumber trials varied from zero to 48.

Scores for

performance on individual training problems varied between
zero and six.
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Differences between the Present Research
and the Research Conducted E.Y Gelman
Subjects
The mean age of the Ss used in the present study were
5 years, 6 months.

This was somewhat higher than Gelman's

Ss who had a mean age of 5 years, 4 months.

The age range

of the present study extended beyond Gelman's (4 years, 9
months to 6 years) by one month in either direction.
~s

used by Gelman were nonconservers.

All

Ss in the present

study were selected on the basis of age only.
Procedure
Contact with the .S.s.

During Gelman's experiment

the E saw the Ss on four separate occasions.
occupied the first session.

The pretest

Within two weeks, two

separate training sessions were administered on .two
consecutive days.
administered.

The following day the posttest was

Each session lasted from 30 to 45 minutes.

The present research required that the E contact each S
only once.

The pretest-training-posttest sequence

required 75 to 90 minutes per

s.

The training-posttest

sequence required a 50 to 70 minute session

per~.
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Training.

Gelman used 16 number problems and 16

length problems for training.

Sixteen problems, randomly

selected from the total of 32, were presented during the
first session.

The remaining problems were presented the

following day.

The present study used all 32 problemsj

but each child received only eight number and eight length
problems, randomly selected, during the single experimental
session.
Materials
Every effort was made by this E to duplicate the
materials used by Gelman for the conservation tasks and
the training problems.

Gelman, however, provided no

information about the diameter of the sticks used in the
length problems.

Similarly, no information was provided

concerning the dimensions of the
number problems.

11

chips

11

used in the

For a complete description of the

materials used in the present study, see Appendix B and
Appendix D.

CHAPTER III
RESULTS

Primary Hypothesis:

The Effect of the Pretest
~~~

~

~-

~...;;.;...~;;..;.;....~

Posttest
The analysis of posttest results is summarized in
Tables 2 and 3.

For both measures, initial response and

initial response plus adequate explanation, the effect
of the Pretest vs. No Pretest experimental condition
was nonsignificant.

Since there were no significant

interactions involving the Pretest vs. No Pretest
condition, it was concluded that the effects of the
pretest were not masked by differential performances of
various groups under various conditions.
Training Problems
The analysis of the .§.s* performance during training
is sununarized in Table 4.

The obtained F value for the

Pretest vs.• No Pretest condition was less than one.
was concluded that this experimental condition had no
significant effect on performance during training.

It
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TABLE 2.
ANALYSIS OF VARIANCE FOR POSTTEST RESULTS
BASED ON INITIAL RESPONSE

Source

SS

MS

1

.45

.45

---

1

11.25

11.25

2.78

1

.45

.45

---

16

64.80

4.05

3

25.45

8.48

AXB

3

2.65

.88

---

BX C

3

9.85

3.28

2.76

3

3.05

1.02

---

48

57.00

1.19

df

F

Between
Pretest vs. No
Pretest (A)
Age (C)
AX

c

Subj. within AC
Within
Conservation
Tasks (B)

AX B

x c

B X Subj.
within AC

*P < .01

7.13*
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TABLE 3
ANALYSIS OF VARIANCE FOR POSTTEST RESULTS
BASED ON INITIAL RESPONSE PLUS EXPLANATION

Source

SS

MS

F

1

1.81

1.81

---

1

22.05

22.05

7.42*

1

.19

.19

16

47.50

2.97

3

21.45

7.15

8.03**

AXB

3

3.09

1.03

1.16

B X C

3

2.85

.95

1.07

3

2.11

.70

---

48

42.50

.89

df

Between
Pretest vs.
No Pretest (A)
Age (C)
AX

c

Subj. within AC

---

Within
Conservation
Tasks (B)

AXBX

c

BX Subj.
within AC

*p <.05
**p <::::. 01
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TABLE 4
ANALYSIS OF VARIANCE FOR TRAINING PROBLEM RESULTS

Source

df

SS

MS

F

Between
Pretest vs.
No Pretest (A}

1

13.22

13.22

1

555.02

555.02

1

1.23

1.23

16

954.00

59.63

1

525.62

525.62

AX B

1

2.03

2.03

c

1

.23

.23

1

18.22

18.22

16

298.40

18.65

Age (C)
AX

c

Subj. within AC

--9.13*

---

Within
Training
Tasks (B)

BX

AX BX
B

x

c

Subj.

within A

c

28.18*

-------

48

Supplementary Hypotheses
The Effect of Training
The increase of conservation responses during the
posttest.

Successful training implies a significant

increase in conservation responses during the posttest
when compared with the conservation responses given
during the pretest.

Tables 5 and 6 summarize the

responses of the ten gs who were given both the pretest
and the posttest.

For both response measures the obtained

F values for the Pretest vs. Posttest experimental
condition were nonsignificant.

There was, however, a

slight suggestion of a trend {p<.25).

The Age X Tasks

X Pretest vs. Posttest interaction also indicated a trend
{p<.10).

Thus, it would appear that what small effect

the training had was differentially distributed among
the various groups.

This effect, in each case, was not

statistically significant, and can be interpreted only as
suggestive.

These results are presented graphically in

Figure 1.
Performance during training.

It was assumed that

the performance of gs in this study would be similar to
the performance of the ss in Gelman•s study.

Figure 2
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TABLE 5
ANALYSIS OF VARIANCE FOR PRETEST-POSTTEST RESULTS
BASED ON INITIAL RESPONSES OF SS 1-10

Source

df

SS

MS

F

1.71

Between
Age (A)

1

15.32

15.32

Subj. within A

8

71.52

8.94

Conservation Tasks (B)

3

21.94

7.31

5.01*

AXB

3

7.83

2.63.:

1.79

24

35.08

1.46

1

.60

.60

1.62

---

Within

BX Subj. within A
Pretest vs.
Post test (C)
AX

c

1

.oo

.oo

c x

Subj. within A

8

2.98

.37

BX

c

3

1.73

.58

1.12

3

3.75

1.25

2.40

24

12.42

.52

AX BX
B

x c x

c
Subj.

within A

*p <:::. 01

50
TABLE 6
ANALYSIS OF VARIANCE FOR PRETEST-POSTTEST RESULTS
BASED ON INITIAL RESPONSE PLUS EXPLANATION
FOR SS 1-10

Source

df

SS

MS

F

3.64

Between
Age (A)

1

11.26

11.26

Subj. within A

8

24.72

3.09

Conservation Tasks (B)

3

19.10

6.37

AX B

3

2.04

.68

24

28.58

1.19

1

1.80

1.80

2·.47

---

Within

BX Subj. within A

5.35*

---

Pretest vs.
Post test (C)
AX

c

1

.24

.24

c x

Subj. within A

8

6.18

.77

3

.90

.30

---

3

3.26

1.09

2.53

24

10.20

.43

B

x c

AX BX

c

BX C X Subj.
within A
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presents the sequential performance for all
the training phase of this study.
no improvement.

~s

during

There was, apparently,

The average number of correct responses

during the first problem was 4.85.

The number of correct

responses during problem 16 averaged 4.80.

Ss did not

learn the concepts of invariance of length and number.
The

~s

did perform rather well: better, initially, than

Gelrnan's Ss.

But they did not improve their performance.

The performance curve reported by Gelman is reproduced
in Figure 3.
Differential Performance of Conservation Tasks
Pretest differences.

Tables 5 and 6 show that some

differences among the four conservation tasks existed
prior to the administration of training, that there were
differences following training, and that the differences
among tasks were not significantly different under the
pretest and posttest conditions.

The presence of the

statistically nonsignif icant interaction trends indicate
that there was some differential performance by groups.
Again, this can be interpreted only as suggestive.
The individual comparison of means (Tables 7 and 8)
indicated that, during the pretest, conservation of number
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TABLE 7
COMPARISON OF PRETEST MEANS* OF
NUMBER, LENGTH, LIQUID, AND MASS TASKS
FOR INITIAL RESPONSE ONLY

X2
Length X2

=

.80

Liquid x 3 = 1.00
Mass x 4

= 1.00

Number x 1

=

X3

X4

X1

.20

.20

1.30**

.oo

1.10**
1.10**

2.10

*Duncan's New Multiple Range Test (Kirk, 1968,
p. 93) •
**p <.05
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TABLE 8
COMPARISON OF PRETEST MEANS* OF
NUMBER, LENGTH, LIQUID, AND MASS TASKS
FOR INITIAL RESPONSE

~

X2
Length x 2

= .oo

=

.40

Liquid X3

= .so

Number x 1

=

Mass x 4

ADEQUATE EXPLANATION

X4

X3

.40

.so

1.20**

.10

.so

Xl

.70

1.20

*Duncan's New Multiple Range Test (Kirk, 1968,
p. 93).
**p-=:::: .os
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tasks were significantly easier for the Ss than the length
tasks, regardless of which response measure is used.
~s

The

performance on the conservation of number tasks was

also significantly different from their performance on
the liquid and mass problems when the response measure is
the initial response only.
Posttest differences.

Tables 2 and 3 show that the

differences among conservation tasks were reliable beyond
the .01 level.

Individual comparison of means (Tables 9

and 10) revealed that number, again, was the easiest
task.

on the posttest, however, length was the second

easiest.

For the initial responses, the performance on

the number and length tasks was significantly better than
the performance on the liquid problems.

Performance on

the number problems also differed significantly from the
performance on the mass problems.

For the initial

response plus adequate explanation, performance on the
number problems differed significantly from the performance
on the other three tasks.
Differences between Number and Length Training Problems
Table 4 shows that there was a significant difference
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TABLE 9
COMPARISON OF POSTTEST MEANS* OF
Nm.'.lBER, LENGTH, LIQUID, AND MASS TASKS
FOR INITIAL RESPONSE ONLY

X3
Liquid
Mass

x3 =

x4

Length

.80

= l.lS
x 2 = l.6S

Number Xi

=

X4

X2

.35

.8S**

1.50**

.so

1.15**

Xl

.65

2.30

*Duncan's New Multiple Range Test (Kirk, 1968,
p. 93) •
**p<: .OS
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TABLE 10
COMPARISON OF POSTTEST MEANS* OF
NUMBER, LENGTH, LIQUID, AND MASS TASKS
FOR INITIAL RESPONSE PLUS ADEQUATE EXPLANATION

X3
Liquid X3

=

.45

Mass x 4

=

.70

Length x 2

=

.75

Number x 1

=

1.80

X1

X4

x2

.25

.30

l.35**

.os

1.10**
1.05**

*Duncan's New Multiple Range Test (Kirk, 1968,
p. 93) •
**p< .05
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in the way the .[s performed on the number and length
problems during the training session.

Number problems

were consistently more difficult than the length problems.
Figure 2 illustrates this difference in relation to the
sequential presentation of the training problems.

These

curves, like the overall performance curve, do not
reflect the results reported by Gelman.

Gelman reported

no significant differences in performance during the
first 16 problems.

In Figure 4 note that each of Gelman•s

curves indicates increasingly improved performance for
each type of task.

The results of the present study did

not confirm this trend.
Effects of Age
In order to test for the possible effects of age, Ss
in each group {Pretest and No Pretest) were divided at
their median into older and younger ss.
Pretest.

The pretest indicated that most Ss were in

the transitional stage between the period of no
conservation and the period of "complete" conservation.
This was as expected.

Differences in the raw data

{Appendix A) which seemed to indicate an effect which
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was attributable to age proved to be nonsignif icant as
indicated by Tables 5 and 6.

The trends which are present

(p<.25 for initial response only, and p<.10 for initial
response plus adequate explanation) are again suggestive.
Posttest.

Table 3 shows that there was a significant

difference (p<.05) between older and younger Ss.

Overall,

when the response measure was the initial response plus
an adequate explanation, older Ss performed better on
the posttest than younger Ss.

However, when the response

measure was the initial response only, the differences in
performance attributable to age were statistically not
significant.
Training problems.

Table 4 shows that there was a

significant difference (p<.01) between the performance
of older and younger .§.s on the number and length problems
which were administered during the training session.
Older Ss did consistently better than younger Ss.

These

differences in performance are illustrated in Figure 5.
These results are not consistent with those reported by
Gelman.

She reported B.Q. age differences at any time, for

either training problem performance or posttest performance.
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Equivalence of Response Measures
The two response measures used in this study were
the initial response of "same" or "different" and the
initial response plus an adequate explanation.
Statistically, they have provided substantially the
same information in the present study.

The only obvious

discrepancy between the two appeared during the analysis
of the posttest results.

The response measure of initial

response plus adequate explanation {Table 3) revealed
that older §_s performed significantly better than the
younger Ss.

All other analyses of the data merely

indicated a possible trend attributable to age.
The similarities between the two measures are
reflected in the correlation between the total correct
initial responses of each §. and the total correct initial
responses plus adequate explanations by each §_.

The

product moment correlation coefficient is .92, indicating
that Ss who gave more correct initial responses tended to
give more adequate explanations of these responses.
relationship is somewhat forced, however.

This

It was not

possible, for example, for an S who gave no correct
initial responses, to have given a large number of correct
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initial responses plus adequate explanations.

Thus,

the only Ss who could have been high on both measures
were those who were first high on the measure of initial
correct response.
There is also a considerable difference between the
two measures.

A t test for correlated samples revealed

that the differences between the distributions of total
performance scores for each measure was significant
beyond the .001 level.

It is apparent that, while better

performers on one response measure were the better
performers on the other response measure, the two "betters"
are different.

The mean number of correct initial responses

during the posttest was 5.9.

The mean number of correct

initial responses plus adequate explanations was 3.7.
These differences between the two response measures can
be seen in Figure l.

CHAPTER IV
DISCUSSION

The Effect of the Pretest

---

Analysis of the data revealed that, in this
experimental situation, the administration of the Piagettype pretest did not significantly affect either the

~s'

performance during the training session or their
performance during the posttest.

Two explanations for

this lack of effect seem reasonable:

a) no response set

was generated by the pretest, or, b) if a response set
was established, it extinguished rapidly.

If a brief

response set was established, the present study was not
sufficiently sensitive to detect its influence.

Thus,

other researchers using similar techniques may be
justified in assuming that the effect of the pretest is
negligible.
one limitation of the above conclusion presents
itself.

The training procedures used in the present

study were not effective in inducing conservation behavior
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in the ss.

Is it possible that the pretest might have

had an effect in an experimental situation where the
training procedures were more effective?

This is a

question which cannot be answered on the basis of the
results of the present study.
The Paradox of Performance
Pretest
Comparison of the Ss' performance on the pretest
tasks revealed that a hierarchy of difficulty could be
established.

Number tasks consistently, regardless of

the response measure used, proved to be easier than the
length tasks.

Liquid and mass tasks were intermediate in

difficulty, but more similar to the length tasks (these
relationships are illustrated in Figure 1.)
Recall that Ss in Gelman's study were all
nonconservers.

These nonconservers performed during the

first training session equally well on both number and
length problems (Figure 4.)

Combining this information

with the knowledge that the Ss in the present study had
demonstrated some ability to deal with number tasks, it
would have been reasonable to expect that the Ss in the
present study would have performed better on the number
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problems than Gelman's Ss.

Possibly, there would even

be a significant difference between the performance on
the length and number problems.
The Training
Analysis of the performance of the .§_s during the
training session did, indeed, reveal a significant
difference in performance between number and length
problems.

The difference, however, was not in the

direction which would have been expected, given the
knowledge of the pretest results.
opposite.

It was just the

.§_s performed better on the length problems

than on the number problems.
Consider the situation.

The Ss had demonstrated

some capacity to deal with tasks which required
conservation of number.

These Ss had also demonstrated

that they had little capacity to deal with tasks which
required the concept of conservation of length.

These

.§.s were given training which had been demonstrated to be
effective in increasing the ability to conserve both
number and length.

.

These Ss performed best on problems

-

with which they had demonstrated little capacity to deal.
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They perform worst on the problems with which they have
demonstrated a capacity to deal successfully.
If nonconservers of length can perform successfully
the problems which were designed to induce the concept of
conservation of length, almost from the beginning of the
training session, how could the training procedures have
changed their behavior during the posttest?

If those §_s

were demonstrated conservers (partially, at least) of
number, how is it that they had difficulty in performing
the number training problems; more difficulty than they
had with the length problems?

At the present time, these

are unanswerable questions.
The Posttest
Given the knowledge of the Ss performance on the
training problems, which showed no improvement between
the first and last problem, one might hypothesize that Ss
would show no improvement during the posttest.

This was,

indeed, what the analysis of the posttest data revealed.
Almost.

There was still a significant difference in the

success with which Ss were able to perform the four
conservation tasks.

Remembering the pretest differences,

one might expect the posttest to have revealed the same
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hierarchy of difficulty.

Not so.

When the measure was

the initial response only, number performance was no
longer significantly different from length performance.
In fact, Ss performed significantly better on the length
tasks than on the liquid tasks.

This change, while not

enough to make the overall effect of training significant
(nor to even hint at the results obtained by Gelman,)
does seem to reflect an influence of the training
procedures.

Most significantly, however, the analysis

of the data based on initial response plus adequate
explanation did not reveal this change.

Ss continued to

conserve on number significantly more often than on.any
other quantity.

This was the same difference which had

existed prior to training for this response measure.
Thus, one is led to question the "quality" of the
improvement measured by the initial response only.

Gelman

reported that, while there was not a one to one
relationship, there was a considerable increase in the
ability to satisfactorily explain an initial correct
response.

In the present study, the increase in correct

initial responses was not accompanied by a comparable
increase in adequate explanations.
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Uncontrolled Variables
Differences between the results of the present study
and those reported by Gelman may reflect the differences
in the techniques used during the two studies.

Xt would

appear that the procedures which Gelman developed were
not as flexible as this E had assumed.
The training portion of the present study would
appear to have come very close to replicating the first
training session of Gelman's study, particularly with the
group of

~s

who received no pretest.

Yet, the Ss in the

present study did not perform the same as Gelman's Ss.
This could have been because the stimulus items were not
exactly the same.
were quite similar.

It is probable, however, that they
It is possible that the administration

procedures used by this E deviated somewhat from those
used by Gelman; exactly how much is difficult to estimate.
It is possible that the feedback procedures used in the
present study were not effective.
to these used by Gelman.

Yet, they were similar

It is possible that the

differences in populations sampled (which were quite
different--the present study contained Ss with some
capacity to conserve while Gelman's Ss were all
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nonconservers,) account for the performance differences.
But it is difficult to understand how the technique could
have been effective with complete .!!2.!!conservers and
ineffective with those Ss who had already entered the
transition stage.

It is possible that the complete set

of 32 problems was necessary for training to be effective.
Yet, Ss in the present study demonstrated no improvement
during the first 16 problems, and this E has no evidence
which would lead him to believe that these Ss would have
improved during a second set of 16 problems.
It is also possible that the element of time was
critical.
period.

Gelman's study was spread over a two week
The two training sessions and the posttest were

administered on three consecutive days.

This meant, first,

that each session was shorter than any session in the
present study.

Second, it meant that there was some

opportunity for the training sessions to interact with the
activities of the child between each session.

While these

interceding periods were short, they were longer than the
training sessions themselves.

The possibility for learning

was certainly present, especially if the training sessions
were teaching the child to look at his world in a new way.

73

Individual differences between Ss were quite
apparent from an examination of any of the analysis of
variance summary tables.

The error terms for testing

the effects of between subject variables is quite large
in each case.

The emotional state, or mood, of the Ss

may have been an important source of this uncontrolled
variability.

Exactly how it interacted with the

experimental situation, however, remains an unanswered
question.
Some Ss became quite involved in the tasks which
were presented to them; they "played the game.
appeared bored, distracted, upset.

11

Others

It was not possible

to determine if such states contributed to, or detracted
from the Ss performance.

For example, both of the

youngest Ss, identical twins aged 4 years, 8 months,
could be described as enthusiastic, involved, serious;
yet they performed very badly during the training session.
This performance was not consistent with the fact that
they were able to conserve, particularly when the
response measure was the initial correct response.
Another rather extreme case was the S who seemed
incapable of making a correct choice when that choice
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required him to choose two stimulus items which were
separated by the third stimulus item.

Feedback did not

seem to provide any useful information for him.

To

learn to attend to the dimensions which are relevant to
a particular quantity, one must be able to attend.

This

S simply could not attend to two items separated in space.
He seemed highly motivated, but to no avail.
not perform.

He could

He completed the session only with difficulty.

Uncontrolled variables seem to be extremely important
in experimental attempts to train conservation behavior.
It is somewhat perplexing that so little mention of them
is made in the experimental literature.

Is the present

study the only study in which the E encountered problems
with the Ss?
the case.

It would indeed be surprising if this were

CHAPTER V
SUMMARY

The purpost of the research was to determine whether
or not the Piaget-type conservation pretest administered
prior to training affected conservation behavior during
the posttest.

Twenty Ss, five years old, were divided

into two groups.

One group was given a pretest based on

four Piaget conservation tasks, then given training with
16 of 32 problems developed by Gelman (1967), then
posttested with the same conservation tasks.

The second

group received only the training and posttest.
Analysis of pretest performance revealed that
performance on number tasks was significantly better than
performance on the other tasks when the response measure
was the initial response only.

When the response measure

was the correct initial response plus adequate explanation,
number tasks were significantly different from length
tasks.

Analysis of the Ss performance during the training

sessions revealed significant effects attributable to age
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and tasks.

Older Ss did better than younger

All

~s.

Ss did better on the length problems than on the number
problems.

Analysis of the posttest results revealed that

there were significant differences among tasks.

For

initial correct responses, number and length were
different from the liquid tasks.

Number was also

significantly different from the mass tasks.

For the

measure of initial correct response plus adequate
explanation, number was significantly different from
the other three tasks.

With this response measure there

was also an effect of age.

This result indicated that

older Ss performed better than younger

~s.

No analysis of the data revealed any effect
attributable to the administration of the pretest.

This

conclusion seems definite but of limited generalizability.
The training procedures used in this study appeared to
reveal a paradox.

Ss who could conserve number had more

difficulty with the problems designed to train conservation
of number than they had with problems designed to teach
conservation of length, an ability of which they seemed
to possess very little.

Differences between the present

study and Gelman's (1967) study may have reflected the
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presence of a variety of uncontrolled variables which
combined to influence the results of the present study
in many unaccountable ways.
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APPENDIX A
ORIGINAL DATA

TABLE 11
PRETEST RESULTS BASED ON INITIAL RESPONSE

Pretest Tasks
Subjects
Number

Length

Liquid

Mass

Older Ss
Sl

0

0

0

0

S2

4

4

0

2

S3

4

2

3

3

S4

4

0

1

1

SS

3

0

2

0

Younger Ss
S6

3

0

0

0

S7

0

0

0

0

S8

1

0

0

0

S9

0

0

1

1

SlO

2

2

3

3
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TABLE 12
PRETEST RESULTS BASED ON INITIAL RESPONSE
PLUS CORRECT EXPLANATION

Pretest Tasks

SubjectsNumber

Length

Liquid

Mass

Older Ss
Sl

0

0

0

0

S2

0

0

0

1

S3

=3

0

2

1

S4

4

0

1

1

SS

1

0

2

0

Younger §_s
S6

3

0

0

0

S7

0

0

0

0

SS

0

0

0

0

S9

0

0

0

1

SlO

1

0

0

0
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TABLE 13
POSTTEST RESULTS BASED ON INITIAL RESPONSE
FOR SS WHO WERE GIVEN THE PRETEST

Posttest Tasks
Subjects
Number

Length

Liquid

Mass

Older Ss
Sl

0

0

0

0

S2

4

2

0

3

S3

4

3

3

4

S4

4

1

1

2

SS

4

0

0

2

Younger .§_s
S6

4

1

1

0

S7

0

1

0

0

S8

0

0

0

0

S9

0

3

0

1

SlO

3

2

2

1
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TABLE 14
POSTTEST RESULTS BASED ON INITIAL RESPONSE
FOR SS WHO WERE

.NQ±. GIVEN THE PRETEST
Posttest Tasks

Subjects
Number

Length

Liquid

Mass

Older Ss
Sll

4

2

3

2

Sl2

2

0

0

0

Sl3

1

2

0

0

Sl4

4

2

4

1

Sl5

4

3

0

3

Younger Ss
Sl6

l

4

0

0

Sl7

0

0

1

0

Sl8

3

4

0

0

S19

1

1

1

l

S20

3

2

0

3
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TABLE 15
POSTTEST RESULTS BASED ON INITIAL RESPONSE
PLUS CORRECT E:XPLANATION FOR SS
WHO WERE GIVEN THE PRETEST

Posttest Tasks
Subjects
Number

Length

Liquid

Mass

Older Ss
Sl

0

0

0

0

S2

4

0

0

3

S3

3

3

2

3

84

4

0

0

1

SS

1

0

0

1

Younger .§_s
S6

4

0

0

0

S7

0

0

0

0

S8

0

0

0

0

S9

0

0

0

0

SlO

1

0

1

0
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TABLE 16
POSTTEST RESULTS BASED ON INITIAL RESPONSE
PLUS
-

CORRECT EXPLANATION FOR SS

-

WHO WERE filIT. GIVEN THE PRETEST
Posttest Tasks
Subjects
Number

Length

Liquid

Mass

Older .§_s
Sll

4

2

2

1

Sl2

1

0

0

0

Sl3

1

1

0

0

Sl4

4

2

4

1

SlS

4

3

0

3

Younger Ss
Sl6

1

2

0

0

Sl7

0

0

0

0

Sl8

1

2

0

0

Sl9

0

0

0

0

S20

3

0

0

1
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TABLE 17
PERFORMANCE DURING TRAINING FOR .§.S
WHO WERE GIVEN THE PRETEST
Problem Number
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Older Ss
Sl

-4

6

-5 -6

-5

6

6

5

-3

-4

-4

6

5

6

-3

6

S2

-5

6

-4

6

6

6

-5

6

-6

-6

6

-6

6

6

5

-6

S3

6

5

6

-2 -3 -4 -3 -4

6

6

-4

6

6

-4

5

6

S4

-6

6

6

-6 -6

6

-4

-3

6

6

-6

-4

-6

SS

6

-3

6

6

-6 -6 -6 -6 -6

-4

-5

6

6

6

6

6

6

6

6

Younger .§.s
S6

-6

6

6

4

4

-4

5

6

-3

5

-6

6

-4

-6

-6

S7

2

5

-4

3

2

4

-3 -3 -5

-2

-3

-3

3

5

2

3

S8

5

4

6

6

6

-5

6

-4

-5

6

6

-6

-5

-4

5

-5

S9

6

5

-3

5

-4

5

4

6

-4

6

-5

6

-4

-5

5

-4

SlO

6

-2

-4

-2

-3 4

5

-5 -3

4

6

5

6

-1

3

-1

-5
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TABLE 18
PERFORMANCE DURING TRAINING FOR SS
WHO WERE NOT GIVEN T:Eill PRETEST
Problem Number

-Ss

l

2

3

4

5

6

7

9

8

10

11

12

13

14

15

16

Older Ss
Sll

-6 -6

6

-6

6

-6

6

-5

3

6

-6

-6

6

5

6

6

Sl2

-5

6

-5

-2

-3

3

5

-6 -3

-6

4

4

6

6

5

6

S13

6

-6

6

6

-5

-6

4

6

6

6

-2

6

6

-5

-4

-5

Sl4

4

-5 -5

5

5

-6

6

6

6

6

-6

-4

6

6

6

-6

SlS

2

-5 -3 -4 -2

6

5

4

6

6

-6

-6

6

6

6

6

Younger .§_s
S16

5

6

-3

6

6

-6 £

5

3

6

-5

6

6

5

-5

-3

Sl7

-4

4

5

4

2

-4

3

1.

-3

3

-2

5

l

6

-4

Sl8

2

-4

5

5

-1

5

3

-3
-4

6

-5

6

4

-5

5

-2

3

S19

-6

6

4

5

6

6

-6

6

-6

-6

-3

6

6

6

6

-2

S20

5

-4 -2 -2 -2 -5

-l

-3

4

-3

5

4

3

5

1

6
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APPENDIX B
DESCRIPTION OF TRAINING MATERIALS

Tables 19 and 20 describe the between problem
variations for the 16 length and 16 number problems
used during training.

These descriptions are taken

directly from Gelman (1967, pp. 116-117).

Since she

provided no definitions for the terms large and small,
the E adopted the following standards:
small

= 1/2

inch and large

=

small

= 3/4

inch and large

=1

5/8 inch thick.}

a) For sticks,

3/4 inch; b) For chips,
inch.

(All chips were
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TABLE 19
VARIATIONS BETWEEN LENGTH TRAINING PROBLEMS

Problem

Starting
Arrangement

Color

Shape & Size
of Diameter

Quantity
Combination

1

horizontal

red

large square

two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one
two
one

2

II

yellow

small circle

3

"

blue

small square

4

II

green

large circle

blue

large square

5

vertical

6

II

green

small circle

7

"

red

small square

8

II

yellow

large circle

blue

small circle

9

horizontalvertical

10

"

red

large circle

11

II

green

large square

12

II

yellow

small square

13

geometric

blue

large circle

14

II

yellow

large square

15

II

red

small circle

16

II

green

small square

10" sticks
6" stick
6" sticks
10 11 stick
7" sticks
5~" stick
5~11 sticks
7" stick
10" sticks
611 stick
611 sticks
10" stick
7" sticks
5~11 stick
5~" sticks
711 stick
10" sticks
611 stick
6" sticks
10 11 stick
7" sticks
5~11 stick
5~" sticks
711 stick
10 11 sticks
611 stick
6" sticks
.10 11 stick
711 sticks
5~" stick
5~11 sticks
7" stick

Note. --This table is taken directly from Gelman
(1967, P• 116) •
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TABLE 20
VARIATIONS BETWEEN LENGTH TRAINING PROBLEMS

Problem

Starting
Arrangement

Color

Size & Shape
of Chips

Quantity
Combination

17

horizontal

green

small circle

2 rows-5 chips
1 row-3 chips
2 rows-3 chips

18

ti

red

large square

19

II

yellow

large circle

20

II

blue

small square

yellow

small square

21

vertical

22

II

green

large square

23

II

red

large circle

24

II

blue

small circle

yellow

small circle

25

horizontalvertical

26

II

red

small square

27

II

green

large circle

28

II

blue

large square

29

geometric

green

small square

30

II

blue

large circle

31

II

yellow

large square

II

red

small circle

32

.. It

1 row-5 chips
2 rows-6 chips
1 row-4 chips
2 rows-4 chips
1 row-6 chips
2 rows-5 chips
1 row-3 chips
2 rows-3 chips
1 row- 5 chips
2 rows-6 chips
1 row-4 chips
2 rows-4 chips
1 row-6 chips
2 rows-5 chips
1 row-3 chips
2 rows-3 chips
1 row-5 chips
2 rows-6 chips
1 row-4 chips
2 rows-4 chips
1 row-6 chiEs
2 rows-5 chips
1 row-3 chips
2 rows-3 chips
1 row-5 chips
2 rows-6 chips
1 row-4 chips
2 rows-4 chips
1 row-6 chips

Note.--This table is taken directly from Gelman
(1967, P• 117).
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APPENDIX C
SCHEMATIC OF WITHIN PROBLEM VARIATIONS

Figures 6 through 11 show the within problem
variations used during the training session.

Vertical

problems are not presented since they were the same as
the horizontal arrangements, except that the lines were
rotated 90 degrees.

Diagrams which show two large

quantities and one small quantity, or one large and two
small, apply equally to both sets of dimensions which
were listed in Appendix B.
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PROBLEM

TRIAL
I

2

--

2

--

3

--

4

5

6

--

----

--

--

--

---

--

--

---

Fig. 6. Schematic representation of
horizontal length within problem variations
of training problems (Gelman, 1967, p. 118).
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PROBLEM

TRIAL
I

---

I

2

5

I

---

3

4

10

9

--

I ---

--

--

I

I ---

6

--

--

Fig. 7. Schematic representation of
horizontal-vertical length within problem
variations of training problems
(Gelman,
1967, p. 119) •
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PROBLEM

TRIAL

13

I

/\

14

/"-

-

2

3

4

/"

""
-------"
/

5

6

I

'I
\/

;\
/

\

~

-

/

I

\

\;

----

/

\

-

Fig. 8. Schematic representation of
geometric length within problem variations of
training problems (Gelman, 1967, p. 120}.
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PROBLEM

TRIAL

18

17

• • • • •
• • • • •

• • •
• • •
• • • • •

2

• • • • •
•
•
•
•• • ••

• • •
• ••••

3

• • • • •
• • •
••• • •

4

• • •
•••• •
• • •

I

• • •

•

•
•
•• • • •
•••

•

•

5

• • •
• • • • •
•••••

6

•• • • •
•••••

• ••

• • • • •
•
•
•
•
•
•

•

• • • • •
•
•
• • •

•••••

• • •
• • •

•••

Fig. 9. Schematic representation of
horizontal number within problem variations of
training problems (Gelman, 1967, p. 121).
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PROBLEM

TRIAL

25

.

26

•
•
•

• • • •
• •
• • • • •

I

•
•

•
•

•

• • • • •
•
•
•

•

2

•

•

•

•
•

•

•

•

• • • • • ••
•
• •

•

•
•
•

3

• •
•

• • •
• • • • •

•

•

•

• • •
•••
•
•
• • • • •

4

• • • ••

6

•
•

•

••

•• • ••

•••• •
• • •
• • •••

•
•
•
•

•

••

5

•

•
• • • ••

•

• • •
• • •

•

• • •
• • • • •

•••

• • • • •

Fig. 10. Schematic representation of
horizontal-vertical number within problem
variations of training problems (Gelman, 1967,
p. 122} .
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PROBLEM

•••
•

.

I

.• •

•

2

• ••
• •

• • • • • ••
• •

•

3

•

•

• •

•
• •

4

• • •
•••••

5

•••• •

6

30

29

TRIAL

•

•

• •

•

•

• •

•••••

•

•

•

•

•

•
•

•

• •

•

• •

•

•

•

•

• •

•

•

• •

• • •

•

• • • • •

•
•

•

• •

.• • •• • ••

• ••
• •

•

•

•

• •

•
•

• • •

•
•

•
• •

.•• ••

•

•

•••

• ••

•

•
• •

•

•

•

•

•

Fig. 11. Schematic representation of
geometric number within problem variations of
training problems (Gelman, 1967, p. 123}.
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APPENDIX D
DESCRIPTION OF CONSERVATION STIMULUS ITEMS

Number.

Ten brown wooden blocks 1-1/16 inches

square were used to test for conservation of number.
Length.

Two 6 inch and one 5 inch red sticks

(3/16 inch square} were used to test for conservation
of length.

The Muller-Lyer V's were 2-3/16 inches

long on a side, 3/16 inch wide, and 1/16 inch thick.
Liquid.
standards.

Two 8 ounce drinking glasses were used as
A conical beer schooner, a tall mixed drink

glass, and two small juice glasses were used for the
conservation of liquid tests.
Mass.

Three balls of clay (red, yellow, and blue)

were used to test for conservation of mass.

The two

"same size" balls were approximately 2 inches in diameter.
The third ball was approximately 1-1/2 inches in diameter.
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APPENDIX E
CRITERIA FOR RATING EXPLANATIONS AS ADEQUATE
OR INADEQUATE FOLLOWING A CORRECT RESPONSE
DURING A CONSERVATION TEST

The following list of criteria is taken directly
from Gelman (1967, pp. 52-53).
Adeguate
1) Direct reference to amount or equivalence, e.g.,
"they are the same amount of _ _ ", or "I see the same
number".
2) (For number only) . Reference to counting or
matching of elements, e.g., "I counted them and they are
the same"! or "I can see that there is one chip in this
row for every one in that row".
3) A statement to the effect that nothing was done to
change the amount, e.g., "You just made it a different
shape, but it is still the same amount".
4) A statement to the effect that nothing was added
or taken away, e.g., "It's the same amount of clay because
you haven't taken a bit out of it", or "It's the same
number because you didn't put another one there".
5) A statement to the effect that the amounts were
the same to begin with, e.g., "It's the same amount of clay
because I saw you mold it from what I saw was the same
before."
6) A statement to the effect that the transformation
can be undone, e.g., "You just moved them (the sticks) and
if you moved them bask they'd be the same length".
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7) A statement referring to the coordination of
relations, e.g., "Because it's water and will go down
further and be wider in this jar but it stays the same
amount".
8) Statement indicating that the child used the
partition schema, e.g., "Because mine is in two little
ones and that's like one big one".
Inadequate
1) No explanation at all or a statement like "I
don 1 t know".
2) A "magical" explanation, e.g., "My monunyy told me".
An explanation that rests on the use of irrelevant
perceptual cues, "they look the same size".
3}

An explanation that describes anything in the
experiment, e.g., "You made this into a ball".
4)
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APPENDIX F
INSTRUCTIONS TO THE SS

As soon as the S and the E were seated at the
table, the E gave the following instructions to Ss
who were to receive the pretest:

"I am going to show

you some toys and ask you some questions about them.
You just tell me what you think is right. 11
All Ss were given the following instructions prior
to the administration of the training problems:
Now I am going to show you some
some questions. Every time you
you will get a bead (E showed a
the basket. Try to get as many

other toys and ask you
give me the right answer
bead to the ~) to put in
right as you can.

After each transformation during a length problem
the S was told to, "show me two sticks that are the same
(or different} length."
~

During the number problems the

was asked to, "show me two groups of chips that have

the same (or different) number in them."
These instructions and questions were only partially
standardized.

They were not read to the

s.

They were

modified appropriately for each individual situation.
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APPENDIX G
REVERSIBILITY

The concept of reversibility is central to the
theory underlying conservation.

Although the present

study was not designed to test the theoretical aspects
of Piaget's theory, the E could not help noting behavior
of Ss which was unexpected.

The majority of the Ss in

this study seemed (subjective reflection) to be able to
demonstrate reversibility, even though they may not have
been able to demonstrate conservation in a particular
situation.

It must be remembered that these Ss were

almost all partial conservers.

Thus, it would appear

that a general concept of reversibility precedes a
general concept of conservation.

